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The vascular pole of the glomerulus is an important area of
the nephron. The function of the juxtaglomerular apparatus
(JGA) and the anatomical relationships of its tubular, glomeru-
lar and vascular components have been extensively studied. By
comparison, the glomerular epithelium at the vascular pole has
been neglected.
In most species, simple squamous parietal cells are often
separated from the podocytes on the capillary tuft by peripolar
cells [1, 2]. In the human kidney, we found that, at the vascular
pole, many Bowman's capsules were lined by cells which
resembled podocytes. Since podocytes are highly differentiated
for filtration, this finding would have important implications for
the function of the glomerulus and its relationship with the
underlying JGA and the surrounding interstitium. The aim of
this study was to assess the extent of the parietal podocytic
lining.
We obtained human kidney tissue from the macroscopically
and histologically normal parts of twelve kidneys surgically
removed for renal cell carcinoma (8 cases) or transitional cell
carcinoma of the renal pelvis (4 cases). The patients' ages
ranged from 49 to 80 years. As before [1], the kidneys were
perfusion-fixed and prepared for scanning electron microscopy
(SEM). After critical point drying, the glomerular tufts were
removed by microdissection and mounted on stubs. Tissue
slices and glomerular tufts were gold-coated in a Polaron SEM
sputter coater and viewed with a Jeol scanning electron micro-
scope (JSM 6400).
In each kidney, we examined a minimum of 20 vascular
poles, at least 10 from superficial glomeruli and at least 10 from
deep glomeruli. In six kidneys, we mapped the position in the
renal cortex of each vascular pole, as before [1]. From these six
kidneys, we also took 1 mm cube blocks from the superficial
and juxtamedullary cortex of each kidney and processed them
for transmission electron microscopy. Semithin sections, 2 m
thick, were examined by light microscopy to identify vascular
poles, which were then ultrasectioned, stained with uranyl
acetate and Reynold's lead citrate, and examined using a
Philip's CM 10 transmission electron microscope.
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The glomerular vascular pole (Fig. 1) was identified in 31% of
Bowman's capsules. In all twelve kidneys, podocytes formed
the parietal layer of many Bowman's capsules at their vascular
poles (Figs. 1 and 2). These parietal podocytes were in conti-
nuity with visceral podocytes and extended radially from vas-
cular poles for variable distances, up to 100 m (Fig. 2); they
covered some 25% of Bowman's capsule. Podocytes were
found around both the afferent (Fig. 1) and the efferent arteriole
and sometimes completely encircled the whole vascular pole.
Parietal podocytes were similar in size and shape to visceral
podocytes, with long curving major processes extending out in
all directions, branching and terminating in pedicels (1 to 2 m
long), which interdigitated with those from an adjacent
podocyte (Fig. 3). They formed distinct boundaries with
squamous parietal cells (Figs. 1 and 3).
Podocytic processes bridged across the urinary space be-
tween glomerular capillaries and Bowman's capsule (Figs. 4
and 7). Their cell of origin was sited either on the capillary tuft
or on Bowman's capsule. In some cases, we could identify the
broken ends of processes fractured at the time of tuft removal
(Figs. 2 and 3). Occasionally, podocyte cell bodies also formed
a "bridge" between the capillary tuft and Bowman's capsule
(Figs. 4 and 8) sending processes and pedicels to both.
Compared to visceral podocytes, parietal podocytes (Figs. 5
and 8) had more elongated cell bodies, with flatter nuclei and
fewer organelles. Their cell bodies rested on the parietal base-
ment membrane. Parietal pedicels were similar to those on the
glomerular capillary basement membrane, and were linked by
single or multiple (2 to 4) slit diaphragms (Fig. 6).
We found parietal podocytes in all twelve kidneys by SEM.
In total, 63% of the 148 vascular poles from six kidneys by SEM
had parietal podocytes; 67% of the superficial vascular poles
and 59% of the deep vascular poles.
On TEM, parietal podocytes were found in five of the six
kidneys; they were in: 60% of all glomeruli, 47% of superficial
glomeruli and 77% of juxtamedullary glomeruli.
Large bridging processes (120 in total) were identified with
SEM in 55% (51 of 93) of the glomeruli with parietal podocytes;
46% (55 of 120) originated from cell bodies on Bowman's
capsule and 54% (65 of 120) arose from cells on the glomerular
capillary tuft.
Parietal podocytes have been described previously only in
isolated case reports of human renal diseases: malignant hyper-
tension [3], hemolytic-uremic syndrome [4], medullary cystic
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Fig. 1. A vascular pole consisting of the afferent arteriole (AA) approx-
imately 25 sm diameter, the efferent arteriole (EA) approximately 15
m diameter and intervening extra glomerular mesangium (EGM).
Parietal podocytes (outlined by arrows), with scattered overlying ma-
terial, partially surround the vascular pole, x 830.
Fig. 2. ABowman's capsule with its vascular pole (VP). A large area of
the parietal epithelium consists of parietal podocytes (outlined by
arrows), extending approximately 100 m from the vascular pole. There
is a prominent broken process (large arrow), x490.
kidney disease [5] and glomerulonephritis [4, 6]. Parietal
podocytes are also found in experimental cystic disease in
rabbits [7, 8].
This study is the first detailed description of parietal
podocytes in human kidney and has shown that they are
centered on the vascular pole. By SEM, we have found parietal
podocytes in a majority of glomeruli, whereas Wilson [4] found
them in only 16% of glomeruli. Our SEM technique gives a
more comprehensive view of Bowman's capsule and also
overcomes the sampling problems inherent in TEM. Parietal
podocytes resemble podocytes on the glomerular capillary
tufts. The podocytic connections between the capillary tuft and
Bowman's capsule mean that the same cell covers portions of
both glomerular and parietal basement membrane.
Although the renal cortex was within the limits of histological
normality, the nephrectomies were all carried out for renal or
Fig. 3. Parietal podocytes with major processes forming enclosed
circles (large arrows) and crossing over each other to produce inter-
digitation of processes from adjacent cells. The boundary with
squamous parietal cells consists of long sweeping major processes or
scalloped overlapping squamous cells (small arrows). A broken process
(P) projects from one parietal podocyte towards the vascular pole,
x2100.
Fig. 4. A Bowman's capsule with part of the glomerular capillary tuft
(T) in situ. A bridging parietal podocyte (BP) sends processes to both
glomerular and parietal basement membranes. Two bridging processes
from visceral podocytes are also present (arrow), x 2150.
transitional cell carcinomas in an elderly population. This raises
the possibility that parietal podocytes could be due to ageing or
to an adaptation to a disease process. However, we have also
found parietal podocytes in kidneys removed from younger
adults for persistent hematuria, transplant rejection, renal ar-
tery stenosis, hydronephrosis and chronic pyelonephritis (Gib-
son et al, unpublished observations). The inability to correlate
parietal podocytes with any specific pathology led Wilson [4]to
speculate that they may be a feature of normal human kidney.
Entirely normal human nephrectomies are not available for
study.
Parietal podocytes have normal slit diaphragms which sug-
gests that they are capable of filtering. Pedicels cover the
glomerular stalk and form an integral part of the parietal
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Fig. 5. An area of the parietal epithelium of
Bowman's capsule close to the vascular pole
showing parietal podocyte cell bodies (PP),
processes and pedicels. PBM = parietal
basement membrane; US = urinary space; VP
= visceral podocyte; CL = glomerular
capillary loop, x5,168.
Fig. 6. The pedicels ofparietalpodocytes and the intervening filtration
pores consisting of single (large arrow) and double (small arrow) slit
diaphragms. PBM = parietal basement membrane, >< 104000.
epithelium of Bowman's capsule in rodents [9]. These pedicels
are closely associated with renin-secreting myoepithelioid cells
of the afferent arteriole, and this may form the morphological
basis of fluid flow from the urinary space into the interstitium of
the juxtaglomerular apparatus [101. The extraglomerular mesan-
gium and arterioles are tightly bound together by basement
membrane material and by abundant cell junctions [11], which
would prevent a high flow rate. Our findings imply that in
Fig. 7. A bridging process (BP) crosses the urinary space (US) and
forms processes and pedicels on both glomerular basement membrane
(GBM) and parietal basement membrane (PBM). CL = glomerular
capillary loop; FE = fenestrated endothelium; I = interstitial compart-
ment, x23000.
humans there is filtration and flow from the urinary space, not
only into the interstitium of the JGA, but also into the peritu-
bular interstitium, where there is greater potential for bulk fluid
flow. This could affect not only the juxtaglomerular apparatus,
but also the pressures and the composition of the renal inter-
stitium, with consequent important implications for renal func-
tion in health and disease.
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Fig. 8. A bridging parietal podocyte (BPP)
and a bridging process (BP) with pedicels on
both the glomerular basement membrane
(GBM) and the parietal basement membrane
(PBM). A = arteriole of vascular pole; C =
pericapsular capillary; CL = glomerular
capillary loop, x3,218.
Reprint requests to Dr. G.B.M. Lindop, Department of Pathology,
Western Infirmary, Glasgow Gil 6NT, Scotland, United Kingdom.
References
1. GIBSON 1W, MORE IAR, LINDOP GBM: A scanning electron
microscopic study of the peripolar cell of the rat renal glomerulus.
Cell Tissue Res 257:201—206, 1989
2. KELLY G, DOWNIE I, GARDINER DS, MORE IAR, LINDOP GBM:
The peripolar cell: a distinctive cell type in the mammalian glomer-
ulus; morphological evidence from a study of sheep. J Anat
168:217—227, 1990
3. JONES DB: Scanning electron microscopy of human hypertensive
renal disease. Scanning Electron Microscopy 11:937—942, 1978
4. Wiiso RB: Variations in the epithelial lining of Bowman's cap-
sule. Scanning Electron Microscopy 11:541—546, 1977
5. EVAN AP, GARDNER KD: Comparison of human polycystic and
medullary cystic kidney disease with diphenylamine-induced cystic
disease. Lab Invest 35:93—101, 1976
6. MARCUS PB: Podocytic metaplasia of parietal Bowman's capsular
epithelium. Arch Pathol Lab Med 101:664, 1977
7. OJEDA JL, GARCIA-PORRERO JA, HURLE JM: Experimental forma-
tion of podocytes in the parietal layer of the Bowman's capsule.
Experientia 35:1658—1660, 1979
8. OJEDA JL, GARCIA-PORRERO JA: Structure and development of
parietal podocytes in renal glomerular cysts induced in rabbits with
methylprednisolone acetate. Lab Invest 47:167—176, 1982
9. ROSIVALL L, TAUGNER R: The morphological basis of fluid balance
in the interstitium of the juxtaglomerular apparatus. Cell Tissue Res
243:525—533, 1986
10. ROSIvALL L: Morphology and function of the distal part of the
afferent arteriole. Kidney mt 38 (Suppl 30):Sl0—Sl5, 1990
11. TAUGNER R, HACKENTHAL E: The Juxtaglomerular Apparatus:
Structure and Function. Berlin, Springer-Verlag, 1989, p. 22
214 Gibson et al: The parietal podocyte
I 
C)
 r 
